Contemporary studies of economic inequality and poverty emphasise that their key causes are in the area of tax policy, labour force policy, and employment, and the causes that are being pointed out lately are education and educational attainment level of the population. The aim of the paper is to confirm the theoretically defined link between education and income inequality reduction and to point out that economic policy makers cannot solve the problem of inequality in society without a significant influence on public education, primarily through increased availability and quality of public education. In the second part of the paper, the Gini coefficient, the education index, and the coefficient of human inequality are used on the example of 130 countries to establish a correlation between education and income inequality reduction. The model shows a strong link between income inequality reduction (measured by the Gini coefficient) and increase in the educational attainment level of the population, increase in income, but also improvement of the health care system. It was found that, for each unit reduction of the coefficient of human inequality (IHDI), the Gini coefficient decreases by 9.7 points. In addition to research limitations and the proposal of future research, the conclusion proposes the opportunities and measures for increasing the educational attainment level of the population in order to reduce income inequality. Emphasis is also placed on the importance of tertiary maritime education.
Introduction
Global inequality in the world was growing at the beginning of the 21st century, both in underdeveloped and developed countries. Rising inequality has become evident in the richest economies in the past few decades, both in those historically characterised by relatively high income inequality, as well as in those that traditionally had less inequality, such as Denmark, Germany, and Sweden. In developing countries, a large number of people are getting out of the poverty zone, thus forming the new middle class, but income inequality has been increasing, although the reasons are not always the same as in developed countries. [16] Awareness of the questionability of actual social and economic development in the world in which income distribution differences are constantly increasing has be-come more evident and requires concrete action. Namely, in accordance with the modern concepts, the realisation of social and economic development implies the development of three simultaneous processes: (1) realisation of economic growth measured by the level of gross domestic product per capita; (2) reduction of unemployment, i.e. employment growth; (3) reduction of poverty and income inequality.
Contemporary research of economic inequality and poverty emphasise that their key causes are in the area of tax policy, labour force and employment policy, and the emphasis has recently been placed on education and educational attainment level of the population. The results of previous research indicate that the role of education in reducing income inequality is very important, because the possibility of choosing one's occupation, access to better jobs, and salary level all depend on educational attainment level.
Analysing the contents of the UN Millennium Goals, it is possible to note the significance attributed to the increase in educational attainment level as one of the most powerful means of fighting poverty and great income inequality of the population. The aim of the achievement of these goals is, among other things, availability of primary education to all, i.e. ensuring that children around the world have the possibility to complete primary education and increase the literacy rate of the population aged 15 to 24. Agenda 2030, that defines global objectives for sustainable development of the world, set a higher goal -quality education.
The objective of the paper is to confirm the theoretically defined link between education and income inequality reduction, thus pointing out that economic policy makers cannot solve the problem of inequality in a society without a significant influence on public education, primarily through increased availability and quality of public education.
Literature review
Contemporary research of economic inequality and poverty increasingly emphasises that their key causes are in the area of tax policy, labour force and employment policy, especially education and educational attainment level of the population. Numerous economists believe that future tendencies of inequality and poverty, i.e. the possibilities of their reduction, will significantly depend on reducing the differences in the availability of education to all income categories of the population.
In the recent economic literature, there is an increasing number of papers covering the issues of education and economic inequality. Some of them cover the degree of correlation between income and educational attainment level of the population and prove through quantitative analysis that income distribution depends on education. This, in fact, substantiates and deepens the earlier understanding of the correlation between earnings (income) of an individual and their educational attainment level. Back in 1964, Gary Becker and Barry Chiswick had specified the costs of investing in human capital as a share in the profit that would have been achieved without investment. [5] About ten years later, Jacob Mincer stated: "If only the costs of attending school for an extra year were the opportunity costs of the student's time and if proportional increase in earnings caused by additional education was constant over the course of a lifetime, the earnings flow would be linearly correlated with individual years of education, and the decline in this correlation could be interpreted through the rate of return on investment in education". [21] On the basis of a panel data analysis covering a wide range of countries for the period between 1960 and 1990, De Gregorio provided empirical evidence on the correlation between education and income distribution. The results of the analysis show that educational factors -a higher education level and a more equitable income distribution -play a significant role in achieving greater equality in income distribution. [11] Numerous authors studied the rates of return on investment in education, especially higher education (Becker, Hanoch, Mattila, Freeman, Mc Connell, and Brue). In the 1980s, Mc Connell and Brue calculated the rates of return on investment in higher education, i.e. the movement of premiums in higher education for the period from 1963 to 1986. Premiums were expressed as a percentage difference in weekly earnings of workers with tertiary education and those with secondary education. Over this period of time, these differences varied depending on the labour force supply and demand. The smallest difference was in 1963 when highly educated workers earned weekly 47% more than employees who completed secondary education, and the difference was the greatest in 1986, as much as 67%. [19] Krueger and Lindahll estimated that each additional year of education resulted in an increase in earnings of about 10% in the USA and that the rate of return on investment in education varies over time and that it differs in some countries. [17] At the very beginning of the third millennium, a growing number of research aim to point out the impact of education on employees' earnings and to evaluate the importance of education as an investment. [10] More recently, it has been pointed out in the studies that greater public education funding can reduce income inequality in a country. [31] It is pointed out that income inequality is reproduced through the education system, and, in more developed countries, through tertiary education in particular. [23] It is considered that the key factors influencing the inclusion in higher education in this process are: the level of parents' income, occupational groups, and educational attainment level of the parents. Children from a lower socio-economic background are less likely to participate and succeed in at least similar types of higher education. This is important considering the fact that the level of income, labour-based social status or access to power in later life depend on tertiary education.
Using a structural dynamic model, Belzil and Hansen demonstrate that the family background, especially educational attainment level of the parents, contributes with as much as 68% to educational results of the children, and that the sole impact of their abilities is the least significant in the group of the identified impact factors. At the same time, individual differences in salaries are primarily the result of their specific skills, that contribute as much as 73%. [7] In the studies of European countries, apart from household income, educational attainment level of the parents has been identified as a significant factor influencing participation in tertiary education. Children of highly educated parents are more likely to participate in tertiary education, even if the parents' income is average. [8] Willen, Hendel, and Shapiro study the reduction of wages of the least educated population and deepening of economic inequality as a result of increased availability of higher education on the example of the USA. Namely, they conclude that the poorer part of the population becomes even poorer if it remains at the same educational level while at the same time increasing the educational level, and thus increasing the wages of the rest of the population. [32] The researchers have invested great efforts into analysing long time series for a large number of countries to demonstrate that a fairer distribution of educational opportunities for the population in longer periods has a major impact on fairer distribution of income. [11] It is therefore emphasised that in the higher education sector there is an increasing stratification in the quality of services, so those who are privileged in terms of income enrol into prestigious programmes in the private sector. Such a hierarchical differentiation in the system allows privileged groups to retain their position by creating elite institutions or programmes. [27] By contrast, households with lower income capacity use more public sector services. [1] Assuming that the quality of education is good in the public sector, but better in the private sector, richer households will focus on the private sector. In this case, lower income groups will benefit from free education in the public sector, and the public education sector will thus indirectly affect income redistribution. The authors of this paper believe that poorer quality of public education will in the long term generate new income inequality and it is therefore necessary to continuously improve educational programmes in the public education sector.
The researchers have recently devoted more attention to lifelong education. Technological progress requires constant improvement of employees' knowledge and skills and it has proven more useful for higher-skilled workers. For example, people with much needed skills who work in new information and communication technologies or skills that are specific for the finance sector have achieved significant profits and gain, while low-skilled workers or those with no skills are lagging behind. As a result, the gap between the salaries of highly qualified and lowskilled workers has been increasing. [24] Some authors argue that lifelong education is a necessary condition for individual employment, but at the same time point to the problem of lack of indicators of the positive impact of lifelong education on wages, which is necessary for further research of the overall economic benefits of lifelong education. [12] In the most developed parts of the world, more and more emphasis is placed on the need to abandon the "mass education society". Studies conducted in Japan show that, in the period from 1990 to 2010, disparities in the attitudes towards education emerged not only between people, but also between neighbouring regions. They are the result of social and economic disparities. [22] In the context of population mobility, this trend in education also points to the increasing importance of lifelong education, because the population moves from less developed to more developed areas.
It has become more evident that the young population shows the inclination towards mobility to areas that offer greater educational opportunities. The research carried out in Turkey shows that regions that have better availability of education, higher social capital, more favourable cultural attitudes towards women, higher level of domestic resources, and lower level of educational inequality have a higher degree of intergenerational mobility. [4] Explaining the causes of a large increase in income inequality and poverty in the former European transition economies (CEE countries), the World Bank in 2000 pointed out the impact of educational premiums as a result of investment in individual education. [33] By investigating the factors of impact on income inequality in transition economies, A. Kaasa specifically identifies the importance of human resource development in a group of demographic factors. [14] The research of the World Bank conducted for Croatia has shown that almost 80% of the poor in the year 2000 came from households in which the head of the family completed only primary education [34] , in 2008 68.7%, and 23.1% more from households in which the head of the family completed only secondary vocational education [35] . This means that there has been growing demand for the educational attainment of employees, because even the secondary education level no longer guarantees the elimination of poverty risk. There are not enough jobs for everyone, in part also because some parts of the population do not possess the necessary knowledge and expertise the employers require. [6] The results of the income distribution research with respect to the level of education show that young people behave very rationally, which means that they look for jobs and levels of education that will facilitate their employment and enable higher income. [30] African and South American countries have the largest income inequality. Abebe Shimeles, the main economic analyst of the African Development Bank, argues that the role of education in overcoming intergenerational mobility, hence inequality, is documented in many studies, although it is not clear which level of education is the most important for the most effective reduction of inequality. The results of his research show that the Gini coefficient, the usual measure of inequality, decreases with the share of the population that completes secondary or tertiary education [28] . This is a new insight that is fundamentally different from those in the earlier generally accepted studies arguing that rates of return in primary education in Africa are higher than those in secondary and tertiary education. Therefore, focusing on secondary and tertiary education could lead to a long-term reduction of the inequality in Africa. Shimeles notes that the "return rate" of higher education decreases with the increasing share of highly educated population.
The global financial crisis that began in 2008 increased the number of poor people, but also deepened the ever-increasing income gap between the poorest and the richest. Joseph E. Stiglitz points out that this is happening because of the effect of market rules that have positive, but also a multitude of negative effects. [29] Some of the negative effects are the increase in poverty and economic inequality. The market can lead to a large concentration of wealth if there is no role of the government or economic policy makers. In the first few post-recession years at the beginning of the third millenium (from 2002 to 2007), 1% of the richest Americans accounted for more than 65% of total national income, and in 2010, 93%. At the same time, most US citizens lived worse. In the USA, life expectancy is 78 years, but the poor live 10%, i.e. almost 8 years shorter than the richest. Those who come from poor families are sentenced to remaining poor forever. [29] In the opinion of the authors of this paper, the key cause of this situation is the lack of educational opportunities for the poor. This problem will be impossible to solve without an active role of the economic policy makers in the area of public education development: primary, secondary, and tertiary.
The methodology of income inequality measurement and educational attainment level is analysed below aiming to set the grounds for discussion of the relationship between the educational attainment level and income inequality.
Methodology
Education is a major component of well-being and is used in the measuring of economic development and quality of life, which is a key factor determining whether a country is a developed, developing, or underdeveloped. Thus, the authors analyse in this paper how education affects economic inequality.
Income distribution is related to the population's average schooling and its dispersion. Income inequality increases with education inequality. By contrast, an increase in average schooling has an ambiguous effect in income distribution. [11] Traditional models of human capital theory suggest the following expression for the level of earnings (Y) of an individual with S years of schooling:
wherein r j is the rate of return to the j th year of schooling and u reflects other factors that influence earnings, regardless of education. De Georgio et al. indicate that the function can be approximated by:
using a bar over variable to denote its mean, De Georgio et al. denote its mean as:
Accordingly, an increase in educational inequality unambiguously leads to greater income inequality, with other variables kept constant.
In accordance with this conclusion, the authors of the paper analyse how education interacts with inequality. In the first step, the authors calculate the Education Index. There are two steps in calculating the Education Index. The minimum and maximum values (goalposts) are set in order to transform the indicators expressed in different units into indices between 0 and 1. These goalposts act as the "natural zeros" and "aspirational targets," and are used for standardisation of component indicators. Societies can subsist without formal education, justifying the education minimum of 0 years. The maximum for expected years of schooling, 18, is equivalent to achieving a master's degree in most countries. The maximum for mean years of schooling, 15, is the projected maximum of this indicator for 2025. [36] Having defined the minimum and maximum values, the dimension indices are calculated as:
For the educational dimension, equation (4) is first applied to each of the two indicators, and the arithmetic mean of the two resulting indices is then taken into consideration. Using the arithmetic mean allows perfect substitutability between mean years of schooling and expected years of schooling. Many developing countries have low school attainment among adults, but are eager to achieve universal primary and secondary school enrollment. Because each dimension index is a proxy for capabilities in the corresponding dimension, the transformation function from income to capabilities is likely to be concave. [2] The formula for the calculation of the Education Index:
wherein the Mean Years of Schooling Index is: (6) and the Expected Years of Schooling Index is:
Mean years of schooling is a calculation of the average number of years of education obtained by people aged 25 and older in their lifetime based on educational attainment levels of the population converted into years of schooling based on theoretical duration of each level of education attended. Expected years of schooling is a calculation of the number of years a child is expected to attend school, or university, including the years spent on repetition. It is the sum of age-specific enrollment ratios for primary, secondary, post-secondary non-tertiary, and tertiary education, and is calculated assuming that the prevailing patterns of age-specific enrollment rates will stay the same throughout the child's life. Expected years of schooling is capped at 18 years. Eighteen is equivalent to achieving a master's degree in most countries.
After analysing education by using the Education Index, the authors of this paper use the Gini coefficient as a measure of inequality. In economics, the Gini coefficient, sometimes called Gini index, or Gini ratio, is a measure of statistical dispersion intended to represent the income or wealth distribution of a nation's residents, and it is the most commonly used measurement of inequality. The Gini coefficient measures the inequality among frequency distribution values. A Gini coefficient of zero expresses perfect equality, where all values are the same. A Gini coefficient of 1 (or 100%) expresses maximum inequality among values (e. g., for a large number of people, where only one person has all the income or consumption, and all other have none, the Gini coefficient will be very close to one). [18] The Gini coefficient is usually defined mathematically based on the Lorenz curve, which plots the proportion of the total income of the population that is cumulatively earned by the bottom x of the population. The line at 45 degrees thus represents perfect income equality.
An alternative approach is to define the Gini coefficient as half of the relative mean absolute difference, which is mathematically equivalent to the Lorenz curve definition. The mean absolute difference is the average absolute difference of all pairs of items of the population, and the relative mean absolute difference is the mean absolute difference divided by the average, to normalise it in relation to the scale.
The main advantage of the Gini coefficient is that it is a measure of inequality by means of a ratio analysis, rather than a non-representative variable for most of the population, such as income per capita or gross domestic product. It can be used to compare income distribution across different population sectors as well as countries; for example, the Gini coefficient for urban areas differs from that of rural areas in many countries. It is simple enough and can be compared across countries and be easily interpreted. GDP statistics are often criticised as they do not represent changes for the whole population; the Gini coefficient demonstrates how income has changed for the poor and the rich. If the Gini coefficient is rising, as well as GDP, poverty may not be improving for the majority of the population. The Gini coefficient can be used to indicate how the distribution of income has changed within a country over a period of time; it is thus possible to see whether inequality is increasing or decreasing. The Gini coefficient fulfils four important principles: anonymity: it does not matter who the high and low earners are; scale independence: the Gini coefficient does not consider the size of the economy, the way it is measured, or whether it is a rich or a poor country on average; population independence: it does not matter how large the population of the country is; transfer principle: if income (less than the difference), is transferred from a rich person to a poor person, the resulting distribution is more equal. [38] The authors also calculate and analyse the Coefficient of Human Inequality. It was introduced in the 2014 Human Development Report as an experimental measure. It is a simple average of inequality in health, education, and income. The average is calculated by an unweighted arithmetic mean of estimated inequality in these dimensions. When all inequality is of a similar magnitude, the coefficient of human inequality and the loss in HDI differ negligibly; when inequalities differ in magnitude, the loss in HDI tends to be higher than the coefficient of human inequality. [36] An unweighted average of inequalities in health, education and income is denoted as the coefficient of human inequality. It averages these inequalities using the arithmetic mean: (8) When all inequalities in dimensions are of a similar magnitude, the coefficient of human inequality and the loss in HDI value differ negligibly. When inequalities differ in magnitude, the loss in HDI value tends to be higher than the coefficient of human inequality.
The IHDI is based on the Atkinson Index, which satisfies subgroup consistency. This property ensures that improvements (deteriorations) in the distribution of human development within only a certain group of the society imply improvements (deteriorations) in the distribution across the entire society. The main disadvantage is that the IHDI is not association-sensitive, so it does not capture overlapping inequality. To make the measure association sensitive, all the data for each individual must be available from a single survey source, which is currently not possible for a large number of countries. [36] The difference between the IHDI and HDI is the human development cost of inequality, also termed -the loss of human development due to inequality. The IHDI allows a direct link to inequality in dimensions, it can inform the policy makers of inequality reduction, and leads to a better understanding of inequality across population and its contribution to the overall human development cost.
To reach the conclusions, the authors used regression analysis for statistical modelling.
In the linear regression, the model specification is that the dependent variable is a linear combination of the parametres (but does not need to be linear in the independent variables). In a multiple linear regression, there are several independent variables or functions of independent variables.
(9)
A trend line represents a trend, a long-term movement in time series data after other components have been accounted for. Trend lines are typically straight lines, although some variations use higher degree polynomials depending on the degree of curvature desired in the line.
Discussion
In the appendix of the paper (Appendix Table 2 ), there is a table with input data for analysis. In total, it covers 130 countries with the presented and calculated variables as follows: income in 2017, expected years of schooling in 2017, average years of schooling in 2017, education index in 2017, the Gini coefficient for the period 2012-2017, and the human inequality coefficient for 2017. Where necessary, the same data were used in the calculations and the analysis logarithmed with the natural logarithm (ln). The data in the table are structured according to income level and the countries were classified, according to the World Bank methodology, into high-, middle-, and low-income countries. For the purposes of this analysis, there was no classification of countries into upper-middle and lowermiddle income countries. Table 1 shows descriptive statistics for the analysed data set.
The sample covers 130 countries (count). Norway has the largest amount of GNI pc (68012 USD), and Central African Republic the smallest (663 USD). The longest expected years (EYSI) of schooling are expected in Australia (22.9 years), and the shortest in South Sudan (4.87 years). The average years of schooling (MYSI) are the longest in Germany (14.08), and the shortest in Burkina Faso (1.47 year). The highest income inequality measured by the Gini coefficient is in South Africa, and the lowest in Ukraine. All data are presented for 2017, and the Gini coefficient for the period 2012-2017.
When the education index (EI) is calculated for all countries, the most educated population is in Germany, and the most uneducated in Niger. In addition, the calculated coefficient of human inequality shows that the greatest inequality in the society appears in Central African Republic, and the smallest in Japan.
Graph 1 shows a regression analysis of the educational attainment level and income inequality.
The theoretically set hypothesis that the differences measured by the Gini coefficient are reduced by increasing the educational attainment level of the population is demonstrated by the regression model shown in the chart, and the analysis of the model shows the impact of actual and expected years of schooling on changes in income inequality in the country.
The model (Appendix Table 3 ) shows that actual (average) years of schooling have a greater impact on inequality reduction (measured by the Gini coefficient) than expected years of schooling. This is logical considering the fact that expected years of schooling have an impact on inequality reduction in the future, i.e. the model proves that in a society in which the population is educated, this education has a greater impact on inequality reduction. This is also an important message for educational policy makers who must influence the increase in educational attainment of the population for the development of the society and to reduce income inequality. This confirms the results of Shimeles' research from 2016.
The OECD studies [24] show that poor young people are under-represented in tertiary education. If enrollments into higher education institutions corresponded to the population structure according to income, twice as many young people from socially vulnerable groups would enroll in higher education. Unfortunately, this is not the case and this confirms that social background is very important. In addition, many young people do not have the opportunity to enroll into elite schools, but rather enroll into short vocational programmes. The answer to the question why potential years of schooling have a lesser impact on income inequality reduction lies also in the fact that the population can move from one country to another in the future, and it is difficult to really determine the extent of their (future) impact on inequality reduction in the society.
When looking at the current structure of the economy, it is particularly important to emphasize that the tertiary sector requires, and in the future will be even more pronounced, the increasing importance of acquiring knowledge in higher education institutions. This applies in particular to maritime studies, which is further characterized by faster technological development than other service industries. [25] This will have the effect of increasing income inequalities between highly educated naval staff and those with less education. In such circumstances, the development of maritime education programs taking place at higher education institutions plays an important role. [3] Graph 1 Regression Analysis of the Educational Attainment Level (Education Index) and the Gini Coefficient In the next step (Appendix Table 4 ), the authors aim to determine whether more variables in the model could better explain the impact on income inequality reduction. For this purpose, the model includes the coefficient of human inequality.
The model shows a strong link between income inequality reduction (measured by the Gini coefficient) and increase in the educational attainment level of the population, increase in income, but also improvement of the health care system. It can be established that, for each unit reduction of the coefficient of human inequality, the Gini coefficient decreases by 9.7 points. This is also an important message for economic policy makers who should have an impact through their measures and activities both on life span prolongation and on increase in the educational attainment level of the population, primarily through the development of public education, increasing income and reducing the difference between these indicators in the society. This is why contemporary theorists analyse socio-economic development in the context of a series of efforts of economic policy makers focusing on increasing the standard of living, human capital, important infrastructure, regional competitiveness, social inclusion, health condition of the population, and its literacy. [15] Furthermore, the quality of higher education programs that must be monitored through quality assurance standards is emphasized (ESG 1 ). 1 The Standards and guidelines for quality assurance in the European Higher Education Area (ESG) were adopted by the Ministers responsible for higher education in 2005 following a proposal prepared by the European Association for Quality Assurance in Higher Education (ENQA) in co-operation with the European Students' Union (ESU), the European Association of Institutions in Higher Education (EURASHE) and the European University Association (EUA).
Conclusion
Research have shown that there is a strong link between education and income inequality. The research limitation is based on the inability to conduct a separate analysis for the poorest world countries. Namely, taking into consideration the huge lack of statistical data for these countries, it is impossible to analyse in detail the link between increase in the educational attainment level of the population and income inequality reduction. However, with a theoretical background of the studied phenomenon, it can be established that the link exists and that it is possible to provide recommendations for increasing the level of education of the population in these countries. A series of research, including this one, have shown that economic policy makers need to implement significant measures in the education sector; it is necessary to strengthen the public sector to make it more accessible (not just in the primary, but also in secondary and tertiary education). Continuous growth in the quality of educational programmes in the public sector is necessary to reduce the differences between public education programmes and prestigious (most often private) educational programmes. Due to technological progress and significant changes in the economic structure, lifelong learning programmes need to be developed to increase employability also in the deprived groups. In addition, it is necessary to enable the enrollment of young people who achieve the best educational results into prestigious programmes, both in the public and the private sector, through a scholarship system and favourable loans. It is also important to include the youngest age groups in the education system considering the fact that education at the earliest age provides better opportunities for success and a way out of poverty.
Graph 2 The correlation between the Coefficient of Human Inequality and the Gini coefficient
Source: Authors' calculation Investment in education has the effect of deferred action both for an individual and social community. However, the return on investment is much faster from an individual than a social aspect. Investment into generational coverage, to the greatest extent possible, and quality education will only show its impact when pupils and students enter the labour market. To improve the educational structure of the total population and its synergistic effect on the growth of social well-being, it is necessary to provide quality education to generations of pupils and students. Both public and private investments have an important role in this process. Without them, however, there is no longterm economic development and they are thus at the top of the hierarchy of national development priorities in the countries that think about their future. The countries that in the second half of the XX. century succeeded in achieving rapid economic growth and development belonged, according to the studies from the 1960s, to the top groups according to the level of educational attainment, i.e. development of human resources.
In future research, the authors plan to analyse in detail the components of the index of human inequality and the impact of each of these components on income inequality reduction. In future research, with respect to the analysis of the level of educational attainment of the population, the authors also plan to analyse the impact of completion of primary, secondary, and tertiary education on income inequality reduction as well as the quality of maritime higher education programs in the Republic of Croatia measured by the fulfilment of the ESG standards. 
